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ABSTRACT
Aims. The main goal of this study is to carry out a spatially resolved investigation of the warm interstellar medium (ISM) in the
extremely metal-poor Blue Compact Dwarf (BCD) galaxy HS 2236+1344. Special emphasis is laid on the analysis of the spatial
distribution of chemical abundances, emission-line ratios and kinematics of the ISM, and to the recent star-forming (SF) activity in
this galaxy.
Methods. This study is based on optical integral field unit spectroscopy data from Gemini Multi-Object Spectrograph (GMOS) at
the Gemini North telescope and archival Sloan Digital Sky Survey (SDSS) images. The galaxy has been observed at medium spectral
resolution (R ∼ 4000) over the spectral range from ∼ 4300 Å to 6800 Å. The data were obtained in two different positions across the
galaxy, obtaining a total 4′′×8′′ field which encompasses most of its ISM.
Results. Emission-line maps and broad-band images obtained in this study indicate that HS 2236+1344 hosts three Giant H ii regions
(GH iiRs). Our data also reveal some faint curved features in the BCD periphery that might be due to tidal perturbations or expanding
ionized-gas shells. The ISM velocity field shows systematic gradients along the major axis of the BCD, with its south-eastern and
north-western half differing by ∼80 km/s in their recessional velocity. The Hα and Hβ equivalent width distribution in the central
part of HS 2236+1344 is consistent with a very young (∼3 Myr) burst. Our surface photometry analysis indicates that the ongoing
starburst provides ∼50% of the total optical emission, similar to other BCDs. It also reveals an underlying lower-surface brightness
component with moderately red colors, which suggest that the galaxy has undergone previous star formation. We derive an integrated
oxygen abundance of 12+log(O/H)=7.53±0.06 and a nitrogen-to-oxygen ratio of log(N/O)=-1.57±0.19. Our results are consistent,
within the uncertainties, with a homogeneous distribution of oxygen and nitrogen within the ISM of the galaxy. The high-ionization
He ii λ4686 emission line is detected only in the central part of HS 2236+1344. Similar to many BCDs with He ii λ4686 emission, HS
2236+1344 shows no Wolf-Rayet (WR) bump.
Key words. Galaxies: individual: HS 2236+1344 – Galaxies: dwarf – Galaxies: abundances – Galaxies: ISM – Galaxies: star forma-
tion – Galaxies: photometry
1. Introduction
Low-mass galaxies undergoing a violent burst of star formation,
such as BCD galaxies (Thuan & Martin 1981, Loose & Thuan
1986) in the local Universe, and analogous objects at higher
redshift (e.g., compact narrow emission-line galaxies and green
peas, Guzma´n et al. 1998, Cardamone et al. 2009, Amorı´n et al.
2012) are important testbeds of galaxy evolution. In particular,
the most metal-poor of these systems (e.g., Papaderos et al. 2008
and references therein) are of special importance, as they are the
closest analogs of the low-mass galaxy building blocks that are
thought to have formed in the early Universe.
BCDs, the low-mass, high-compactness members of the
broader class of H ii galaxies (Terlevich et al. 1991, Telles et
al. 1997), span a wide range in morphology and gas-phase
metallicity (Kunth & Sargent 1983, Izotov & Thuan 1999). In
their majority, these systems have subsolar oxygen abundance
7.9<∼12+log(O/H)<∼8.4 (Terlevich et al. 1991, Izotov & Thuan
1999, Kunth & ¨Ostlin 2000) and fall into the iE– or nE type
of the classification scheme by Loose & Thuan (1986), due to
the presence of one or several luminous SF regions in the cen-
tral part of an old, more extended stellar low-surface brightness
(LSB) host (Papaderos et al. 1996a, Telles & Terlevich 1997,
Cairo´s et al. 2001, Bergvall & ¨Ostlin 2002, Gil de Paz 2003,
Amorı´n et al. 2009, see Bergvall 2012 for a review). A smaller
fraction (∼10%) of BCDs exhibit cometary morphology (iI,C in
the Loose & Thuan (1986) classification) that is owing to strong
ongoing SF activity at the one tip of an elongated stellar LSB
‘tail’.
The lowest-metallicity BCDs (XBCDs), or extremely metal-
poor (XMP) BCDs, defined as systems with an oxygen abun-
dance 12+log(O/H)<∼7.6 (Izotov & Thuan 1999), are the least
chemically evolved emission-line galaxies currently known.
These systems are very scarce in the nearby Universe (Izotov &
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Thuan 2007, Kniazev et al. 2004, Papaderos et al. 2008, Guseva
et al. 2009, see also Skillman 2012) with only about 100 of them
currently known (see Morales-Luis et al. 2011, Filho et al. 2013
for recent compilations of literature data). The most metal-poor
ones are SBS 0335-052 W (12+log(O/H)≃6.9. . . 7.12, Izotov et
al. 2005, Papaderos et al. 2006, Izotov et al. 2009), SBS 0335-
052 E (12+log(O/H)=7.2. . . 7.3, Izotov et al. 1997a, Papaderos et
al. 2006) and I Zw 18 (12+log(O/H)=7.2, Izotov et al. 1997b).
As pointed out by Papaderos et al. (2008), BCDs/XBCDs show
an intriguing connection between gas-phase metallicity, mor-
phology and evolutionary status, with cometary morphology
being a typical characteristic of the most metal-poor systems.
This, together with the low (>∼1 Gyr) luminosity-weighted age
of XBCDs suggests that most of their stellar mass has formed
in the past 1–3 Gyr (Papaderos et al. 2008). Interestingly, a sig-
nificant fraction (≥10%) of unevolved, high-redshift galaxies in
the Hubble Deep Field also show cometary (also referred to as
‘tadpole’) morphology (van den Bergh et al. 1996, Elmegreen et
al. 2005, Straughn et al. 2006, Windhorst et al. 2006, Elmegreen
et al. 2007).
The formation process of cometary field galaxies near and
far is unclear. Proposed hypotheses range from propagating SF,
in the case of XBCDs (Papaderos et al. 1998), to interactions
(Straughn et al. 2006) and gas instabilities in forming disks
(Elmegreen et al. 2005, 2012) in the case of more massive galax-
ies. In fact, all these mechanisms may be at work at some level.
For example, whereas H ii/BCDs are spatially well separated
from normal (Hubble-type) galaxies (Telles & Maddox 2000),
they usually have low-mass stellar and/or gaseous companions
(e.g., Taylor et al. 1995, Noeske et al. 2001). This also applies to
many XBCDs, many of which are known to reside within loose
galaxy groups (Pustilnik et al. 2001a) or in galaxy pairs with
a linear separation between ∼2 kpc and ∼100 kpc (Papaderos
2012, hereafter P12). Examples of such binary dwarf galaxies
are, e.g. I Zw 18 (Lequeux & Viallefond 1980) and SBS 0335-
052 (Papaderos et al. 1998, Pustilnik et al. 2001b). Recently, P12
pointed out the intriguing similarity of some XBCDs with their
low-mass companions in their structural properties and evolu-
tionary status, and interpreted this as manifestation of synchro-
nization in the assembly history of such binary galaxies. He pro-
posed, based on heuristic arguments, that the delayed formation
of some present-day XBCDs in pairs or groups can qualitatively
be explained as the result of their co-evolution within a common
dark matter (DM) halo: The cumulative effect of recurrent mild
interactions between co-evolving dwarfs is, according to P12,
a quasi-continuous heating of their gas component and the de-
lay of the dominant phase of their formation, in agreement with
the observed low chemical abundances and young luminosity-
weighted ages of XBCDs.
On sub-galactic scales, observations of H ii/BCDs also hint at
a synchronous star formation history (SFH). For example, near-
IR photometry and optical spectroscopy studies of UM 461 and
Mrk 36 by Lagos et al. (2011) and UM 408 by Lagos et al. (2009,
2011) reveal that Young Stellar Clusters (YSCs) in these galaxies
have a similar age over a spatial scale of ∼1 kpc (see, e.g., Telles
2010). Evidence for coeval star formation on scales of several
hundred pc has also been found through photometric studies of
high-luminosity BCDs with the Hubble Space Telescope (e.g.,
¨Ostlin et al. 2003, Adamo et al. 2011) and surface photometry
studies. For example, the subtraction of the underlying LSB host
emission from surface brightness profiles of the BCD Mrk 178
yields almost flat color gradients within the starburst component,
in agreement with the picture of a nearly coevally triggered SF
episode on spatial scales of ∼1 kpc (Papaderos et al. 2002).
Fig. 1. g-band acquisition image of the galaxy HS 2236+1344.
The rectangles indicate the position of the two GMOS–IFU FoV
of 3.′′5×5′′. The three GH iiRs, resolved in this study, are indi-
cated in the figure.
With regard to the chemical abundance patterns of
H ii/BCDs, the available data suggest that the metals from pre-
vious SF events are homogeneously distributed and mixed over
the ISM, while freshly produced elements by massive stars re-
main unmixed with the warm ISM and reside in the hot gas
phase (Tenorio-Tagle 1996, Kobulnicky & Skillman 1997). The
spatial constancy of the N/O ratio, observed in these galaxies,
might also be attributed to efficient transport and mixing of met-
als (e.g., Pe´rez-Montero et al. 2011, Lagos et al. 2009, 2012) by
hydrodynamical processes (e.g., starburst-driven flows, infall of
gas), so keeping the N/O ratio constant through the ISM of the
galaxies on large scales. Locally enhanced N/O ratios in some
BCDs are probably explained by nitrogen enrichment through
WR winds (Walsh & Roy 1989, Kobulnicky et al. 1997), result-
ing in an N overabundance at the location of YSCs, in agreement
with the detection of small, yet statistically significant oxygen
abundance variations, attributable to chemical self-enrichment
(Kunth & Sargent 1986) even in some XBCDs (Papaderos et al.
2006).
Integral field unit (IFU) spectroscopy offers a powerful tool
to study all above topical issues in BCD/XBCD research in spa-
tial detail (an overview of all H ii/BCD galaxies studied thus far
with IFU spectroscopy is shown in Lagos & Papaderos 2013).
Our main objective in this paper is to carry out a spatially re-
solved investigation of the chemical abundance patterns and
kinematics of the warm ISM in the nearby (∼80 Mpc) XBCD
galaxy HS 2236+1344. For this, we use medium-resolution IFU
data obtained with the Gemini North telescope. In Fig. 1 we
show the g-band acquisition image of the galaxy (see Table 1
for a summary of its general properties). It can be seen that HS
2236+1344 contains three compact (regions 1, 2 and 3) high-
surface brightness knots or GH iiRs, and some faint arm-like fea-
tures departing from its central body. These may be attributed to
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Table 1. General parameters of HS 2236+1344.
parameter value reference
α (J2000) 22h38m31.1s (a)
δ (J2000) +14o00m30s (a)
D (3K CMB) 79.7 Mpc (a)
1′′(3K CMB) 386 pc (a)
z 0.020628 (b)
12+log(O/H) 7.53 (b)
Log(M(H i)) M⊙ <8.35 (c)
Other name SDSS J223831.12+140029.7
Notes. (a) Obtained from NED, (b) Derived from the present observa-
tions, (c) Pustilnik & Martin (2007).
Table 2. Observing log.
Name Date Exp. time Airmass1
(s)
Field 1 2010-09-08 3×1285 1.068
Field 2 2010-09-08 3×1285 1.013
Notes. (1) Obtained from the average values of the different exposures.
starburst-driven shells and/or tidally induced features, perhaps
connected with an ongoing merger.
This paper is organized as follows: the observations and data
reduction are discussed in Sect. 2. In Sect. 3 we presented and
discuss the results. Our conclusions are summarized in Sect. 4.
2. Observations and Data reduction
The observations discussed in this paper were performed using
the Gemini GMOS (Hook et al. 2004) and the IFU unit, hereafter
GMOS–IFU (Allington et al. 2002), at Gemini North telescope,
using the grating R600+ G5304 (R600) in one-slit mode with a
spectral resolution of R∼4000. The GMOS-IFU in one slit mode
composes a pattern of 500 hexagonal elements, each with a pro-
jected diameter of 0.′′2, covering a total field of view (FoV) of
3.′′5×5′′, plus 250 elements sampling the sky. The data were ob-
tained at low airmass during the same night but in two different
positions across the galaxy as indicated in Fig. 1 (cf Table 2).
The data reduction was carried out using the Gemini soft-
ware package version 1.9 within IRAF2. This includes bias sub-
traction, flat-field correction, wavelength calibration and sky
subtraction. The flux calibration was performed using the sen-
sitivity function derived from observation of the spectrophoto-
metric standard star BD+28d4211. The 2D data images were
transformed into 3D data cubes, resampled to a 0.′′2 spatial res-
olution, and corrected for differential atmospheric refraction us-
ing the gfcube routine. Finally, the two data cubes obtained with
the grating R600 were combined into a final data cube that cov-
ers a spectral range from ∼4300 Å to 6800 Å and a FoV of
4′′×8′′(20×40 spaxels). More details about the data reduction
can be found in Lagos et al. (2009, 2012).
Figure 2 shows the integrated spectrum of the galaxy (over
the whole FoV) and the spectra of regions 1, 2 and 3, summed
up over all spaxels within the areas indicated in Sect. 3.1. In this
figure we label the strongest emission lines detected and used
in our study. The most remarkable finding from our data is the
localized He ii λ4686 emission in region 3 only (also visible on
2 IRAF is distributed by NOAO, which is operated by the Association
of Universities for Research in Astronomy Inc., under cooperative
agreement with the National Science Foundation.
the integrated spectrum of HS 2236+1344) and a broad compo-
nent in the base of some emission lines, such as Hα and [O iii]
λ5007. Finally, the emission line fluxes were measured using the
IRAF task fitprofs by fitting Gaussian profiles. Since most of the
emission lines were measured using an automatic procedure, we
assigned the value 0.0 to all spaxels with signal to noise ratio
(S/N) < 3.
3. Results and discussion
3.1. Emission lines, continuum and extinction structure
We used the flux measurement procedure described previously in
Sect. 2 to construct emission line maps (e.g., [S ii] λ6731, [S ii]
λ6717, [N ii] λ6584, Hα, [O iii] λ5007, [O iii] λ4959, Hβ, [O iii]
λ4363, Hγ) within the combined FoV of 4′′×8′′. In Fig. 3 we
show the Hα, Hα continuum, [N ii] λ6584, [S ii] λ6717, EW(Hα)
and the extinction c(Hβ) maps of the galaxy. The Hα continuum
map shows that HS 2236+1344 is composed of three GH iiRs.
We designate the GH iiR that is centered on the field 1 (see
Fig. 1) as region 1, while the GH iiR in the field 2 is resolved
into a double peak that we labeled as regions 2 and 3. These three
GH iiRs are also resolved on the acquisition image of the galaxy
(Fig. 1). We see that the structure of the ionized gas, as traced
by the emission lines and the Hα and Hβ equivalent widths are
similar, without any offset compared with the distribution of the
stellar continuum (see Figure 3).
The extinction was calculated from the emission line ratio
F(Hα)/F(Hβ)=2.76, assuming case B recombination (Osterbrock
& Ferland 2006) at T = 2× 104 K (see Table 5). The c(Hβ) values
in Fig. 3 ranges between 0 and ∼0.92 and shows an inhomoge-
neous pattern, with its peak value being slightly offset from that
of the Hα emission. Most of the spaxels in the outer part of the
galaxy show a F(Hα)/F(Hβ) ratio that is close to the theoretical
value, so we assumed that these regions do not suffer from in-
trinsic extinction. Our results support the conclusion by Cairo´s
et al. (2009) and Lagos et al. (2009) that a constant correction
term for the extinction over the whole galaxy may in some cases
lead to large errors in the derivation of properties of individual
regions in Hii and BCD galaxies.
Finally, the observed emission line fluxes, for all the spax-
els in our FoV, have been corrected for extinction using the ob-
served Balmer decrement and the Cardelli et al. (1989) redden-
ing curve f(λ) as I(λ)/I(Hβ) = F(λ)/F(Hβ) × 10c(Hβ) f (λ). The
observed F(λ) and corrected emission line fluxes I(λ) relative to
the Hβ and their errors, multiplied by a factor of 100, the ob-
served flux of the Hβ emission line, the EW(Hα) and EW(Hβ),
and the extinction coefficient c(Hβ) for the integrated galaxy are
tabulated in Table 3. In Table 4 we list the same quantities for
the three SF regions in the BCD. We note that the mean extinc-
tion c(Hβ)≃0.20 we derive over HS 2236+1344 is in good agree-
ment with the value of 0.157 derived by Thuan & Izotov (2005).
Determinations for individual regions differ, however, from the
values of 0.49 and 0.27 obtained by Izotov & Thuan (2007) from
the Hγ/Hβ ratio for their regions 1 and 2, respectively.
3.2. Velocity field
We have obtained the spatial distribution of radial velocities vr in
the ISM by fitting a single Gaussian to the Hα emission line pro-
files. The velocity field of HS 2236+1344 is displayed in Fig. 4.
The vr displays a variation of ∼80 km s−1 over the FoV, while
in the central part of the BCD it varies by about 45 km s−1.
Additionally, the velocity field, in our FoV, close to the galaxy’s
3
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Fig. 2. Integrated Gemini GMOS spectrum of HS 2236+1344, and spectra extracted from regions 1–3. Note the presence of a broad
low-intensity emission component in Hα (possibly also in Hβ) and in the forbidden [O iii]λ5007 line.
center shows some rotation, with its upper part (northwest; re-
gion 1) being redshifted and its lower part (southeast; regions
2 and 3) blueshifted with respect to the systemic galaxy veloc-
ity. The relatively small measured variation in vr is in the range
of values determined for other BCDs (e.g., van Zee et al. 2001,
Cairo´s et al. 2012) yet significantly larger than for the intrinsi-
cally faint BCD UM 408 (Lagos et al. 2009).
Moiseev et al. (2010) studied the Hα velocity field of
HS 2236+1344 using the multi-mode Fabry-Perot instrument
SCORPIO. They concluded that, most likely, this galaxy is a
strongly interacting pair of dwarf galaxies of comparable mass,
possibly undergoing final stages of merging. Additionally, they
argue that the observed kinematics can not be explained by gi-
ant ionized shells in a single rotating disc, and, to the contrary,
there is evidence for two independently rotating discs. Our Hα
velocity field is similar to the one these authors determine, yet
our data show no clear evidence for two kinematically distinct
gas disks, or kinematical perturbations indicative of a strongly
interacting system.
We checked for the presence of a broad low-intensity compo-
nent in the Hα emission line profiles (Fig. 5) using the integrated
spectrum of the galaxy, as well as that extracted from regions
1–3. For this, we have followed a similar procedure as that de-
scribed in Lagos et al. (2012): We used the pan3 routine (Peak
3 http://www.ncnr.nist.gov/staff/dimeo/panweb/pan.html
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Fig. 3. Logarithmic emission line map of the Hα (top-left), Hα continuum (top-middle), [N ii] λ6584 (top-right), [S ii] λ6717
(bottom-left), EW(Hα) (bottom-middle) and extinction c(Hβ) (bottom-right). Logarithmic emission-line fluxes in units of erg cm−2
s−1, the logarithmic continuum flux density is in erg cm−2 s−1 Å−1 and equivalent widths in Å. Overlaid are the Hα flux contours. In
the top-middle (Hα continuum) panel we indicate the different apertures used in this study for regions 1, 2 and 3, respectively.
ANalysis) in idl to fit two components to these profiles. Note that
in different regions of the galaxy the Hα emission line profile is
relatively symmetric and well represented by a single Gaussian.
Although we use, in our study, the medium resolution grating
R600, a detailed inspection of the base of the Hα emission line
profile (and other emission lines, such as [O iii] λ5007) in re-
gions 2 and 3 reveals a broad component at low intensity levels
similar to the ones observed in other BCD galaxies (e.g., Izotov
et al. 1996, Pustilnik et al. 2004, Izotov & Thuan 2009). We fit
the narrow component of the Hα, [N ii] λ6548 and [N ii] λ6584
by a single Gaussians (see Fig. 5). Then, simultaneously, we fit
the broad component by a single Gaussian obtaining a FWHM
of &100Å. A detailed analysis of this component is beyond the
scope of this paper but its presence, in the inner part of region 3,
appears to be consistent with stellar winds due by massive stars,
e.g., from Luminous Blue Variables (LBV).
3.3. The He ii λ4686 emission line
In Fig. 6 we show the integrated spectrum of region 3 in the
wavelength range from 4600 Å to 4900 Å, which reveals the
presence of a narrow He ii λ4686 emission. Figure 7, encom-
passing regions 2 and 3, allows a study of the spatial distribution
of that line. Squares represent the area on the sky that is cov-
ered by individual spaxels and are overlaid with the respective
observed spectrum in the wavelength range 4600 Å – 4800 Å.
The rest-frame wavelength of the emission line He ii λ4686 is
5
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Table 4. Observed and extinction corrected emission lines for the regions 1, 2 and 3. The fluxes are relative to F(Hβ)=100.
Region 1 Region 2 Region 3
F(λ)/F(Hβ) I(λ)/I(Hβ) F(λ)/F(Hβ) I(λ)/I(Hβ) F(λ)/F(Hβ) I(λ)/I(Hβ)
Hγ λ4340 45.15±2.27 48.70±3.46 46.70±2.93 50.01±4.44 47.80±2.89 49.56±4.24
[OIII]λ4363 16.29±0.86 17.51±1.31 13.76±0.89 14.69±1.34 17.43±0.64 18.04±0.94
HeI λ4471 · · · · · · · · · · · · 4.30±0.39 4.42±0.57
HeII λ4686 · · · · · · · · · · · · 1.20±0.20 1.22±0.29
HeI+[ArV]λ4711 · · · · · · · · · · · · 3.80±0.53 3.84±0.76
[ArV]λ4740 · · · · · · · · · · · · 2.70±0.14 2.72±0.20
Hβ λ4861 100.00±1.22 100.00±1.73 100.00±3.69 100.00±5.22 100.00±3.14 100.00±4.44
[OIII]λ4959 179.60±7.18 177.38±10.03 143.12±3.54 141.52±4.95 186.38±6.07 185.28±8.53
[OIII]λ5007 547.94±9.42 538.03±13.08 431.19±9.75 424.13±13.56 554.97±19.19 550.17±26.90
HeI λ5876 116.59±1.32 105.68±1.69 10.92±0.38 9.99±0.49 12.98±0.67 12.39±0.90
[OI] λ6300 1.10±0.13 0.97±0.16 1.58±0.12 1.41±0.15 0.53±0.02 0.50±0.03
[S III]λ6312 1.22±0.16 1.07±0.20 1.05±0.12 0.93±0.15 0.54±0.02 0.51±0.03
[OI] λ6363 0.41±0.06 0.36±0.07 0.52±0.05 0.46±0.06 0.17±0.03 0.16±0.04
[NII] λ6548 0.40±0.10 0.35±0.14 0.71±0.09 0.62±0.19 0.26±0.06 0.24±0.08
Hα λ6563 324.20±3.49 280.75±4.27 321.10±6.81 281.90±8.45 298.95±5.22 279.15±6.89
[NII] λ6584 1.48±0.11 1.28±0.13 2.39±0.13 2.10±0.16 0.87±0.02 0.81±0.03
HeI λ6678 3.32±0.34 2.85±0.41 3.15±0.25 2.75±0.31 3.47±0.15 3.23±0.20
[S II]λ6717 3.88±0.21 3.33±0.25 6.29±0.35 5.47±0.43 1.64±0.07 1.52±0.09
[S II]λ6731 1.67±0.28 1.43±0.34 2.92±0.25 2.54±0.31 0.70±0.07 0.65±0.09
F(Hβ)a 0.66±0.01 1.09±0.02 1.91±0.03
EW(Hα)b 970 829 1311
EW(Hβ)b 272 233 300
c(Hβ) 0.21 0.19 0.10
a In units of ×10−14 erg cm−2 s−1
b In units of Å
marked by dotted vertical lines, and the dark square indicates
the location of the peak Hα intensity.
It is apparent from Fig. 7 that the high-ionization He ii λ4686
emission is not extended as, e.g., in the compact H ii/BCD galax-
ies Tol 2146-391 (Lagos et al. 2012) and Mrk 178 (Kehrig et
al. 2013). On the contrary, we find that most of the He ii λ4686
emission in HS 2236+1344 is confined within region 3 (see
Fig. 7), near the peak of Hα emission. This is presumably due to
the low S/N in the blue part of our GMOS spectra, which likely
prevents detection of extended low-surface brightness in He ii
emission that may be present. This also suggested by the fact that
previous high-S/N long slit spectroscopy (Izotov & Thuan 2007)
has revealed He ii emission in region #1 as well. In any case, the
spatial association of He ii λ4686 with region #3 suggests that
its excitation is due to the ongoing burst. We note that the in-
tensity I(He ii λ4686)/I(Hβ) = 0.0122±0.0029 in region 3 agrees
within the errors with I(He ii λ4686)/I(Hβ)=0.0105±0.0008 and
0.0112±0.0013 obtained by Izotov & Thuan (2007) for their re-
gions 1 and 2, respectively.
One of the most likely explanations4 for the high ionization
emission lines in BCD galaxies is the presence of fast radiative
shocks (Dopita & Sutherland 1996) in the ISM of these galax-
ies (e.g., Thuan & Izotov 2005, Izotov et al. 2006a, Lagos et al.
2012). As noted above, we do not detect the He ii λ4686 emis-
sion line at the arm-like structures in HS 2236+1344 or within
any other extended morphological feature. On the other hand,
at ages of ∼3-6 Myr the WR phase is still ongoing (Leitherer
et al. 1999), so we expect a significant amount of these stars in
the young regions (with ages of ∼3 Myr; see Sect. 3.7 for more
details) found in this galaxy. But, we did not detect clear WR
features at λ4686 Å neither in the integrated spectrum of the
4 See, e.g., Thuan & Izotov (2005) and references therein for other
candidate sources for He ii λ4686 ionization.
galaxy nor in the different regions resolved in HS 2236+1344.
Although, in the case of WR stars the He ii λ4686 emission line
and the blue WR bump are mainly linked to WN stars, the non-
detection of this stellar emission suggests the existence of WR
stars in an early evolutionary stage (e.g., LBV stars). In fact, a
large fraction of galaxies with oxygen abundances lower than
12+log(O/H)=8.2 do not show WR features (Guseva et al. 2000,
Brinchmann et al. 2008, Shirazi & Brinchmann 2012). It is also
known, that in several H ii/BCDs (e.g., II Zw 70 and Mrk 178;
Kehrig et al. 2008, 2013) He ii λ4686 emission does not strictly
coincide with the location of the WR bumps. In this sense, He ii
emission without associated WR features does not completely
rule out a contribution of WR stars to the He ii ionization, even
though other excitation sources are likely dominating.
In summary, various ionization sources may appear consis-
tent with the observed morphology of the He ii λ4686 emission
in HS 2236+1344, whereas from the present data this seems to
be an unresolved issue.
3.4. Emission Line Ratios
Using the information derived in the previous sections it is pos-
sible to attempt distinguishing among different ionization mech-
anisms using BPT (Baldwin, Phillips and Terlevich; Baldwin et
al. 1981) diagrams. To do this, we adopt the following emission
line ratios: [O iii] λ5007/Hβ, [N ii] λ6584/Hα, [S ii] λλ6717,
6731/Hα and [O i] λ6300/Hα. The [O iii] λ5007/Hβ emission
line ratio is an excitation indicator and provides information
about the available fraction of hard ionizing photons in an H ii
region. On the other hand, [N ii] λ6584, [S ii] λλ6717, 6731 and
[O i] λ6300 are low-ionization emission lines, usually weak in
H ii regions. So, the emission line ratios [N ii] 6584/Hα, [S ii]
λλ6717, 6731/Hα and [O i] λ6300/Hα can effectively disentan-
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Table 3. Observed and extinction corrected emission line
fluxes for the integrated spectrum of the galaxy. The
fluxes are relative to F(Hβ)=100.
Integrated
F(λ)/F(Hβ) I(λ)/I(Hβ)
Hγλ4340 46.12±3.88 49.21±7.31
[OIII]λ4363 14.75±0.95 15.69±1.36
HeI λ4471 >4.30±0.39 >4.51±0.59
HeII λ4686 >1.20±0.20 >1.22±0.29
HeI+[ArV]λ4711 >3.80±0.53 >3.87±0.76
[ArV]λ4740 >2.70±0.14 >2.74±0.20
Hβλ4861 100.00±2.71 100.00±3.83
[OIII]λ4959 169.96±5.02 168.61±7.05
[OIII]λ5007 507.75±12.70 499.87±17.68
HeI λ5876 11.92±0.68 10.96±0.88
[OI]λ6300 1.03±0.20 0.92±0.25
[S III]λ6312 1.10±0.12 0.99±0.14
[OI]λ6363 0.32±0.03 0.29±0.04
[NII]λ6548 0.61±0.10 0.54±0.16
Hαλ6563 317.83±6.25 280.95±7.81
[NII]λ6584 2.05±0.14 1.81±0.17
HeI λ6678 3.43±0.45 3.01±0.56
[S II]λ6717 4.94±0.30 4.33±0.37
[S II]λ6731 2.13±0.38 1.86±0.47
F(Hβ)a 5.16±0.07
EW(Hα)b 834
EW(Hβ)b 157
c(Hβ) 0.18
a In units of ×10−14 erg cm−2 s−1
b In units of Å
gle between photoionization under physical conditions that are
typical for H ii regions and other excitation mechanisms (e.g.,
AGN or shocks).
In Fig. 8 we show the emission line ratio maps [O iii]
λ5007/Hβ, [N ii] λ6584/Hα, [S ii] λλ6717,6731/Hα and [O i]
λ6300/Hα, respectively. In this figure, the ionization structure
in the central part of regions 1, and 3 of HS 2236+1344 is rather
uniform for all emission line ratios, while the emission line ratio
[O iii] λ5007/Hβ decreases slightly, in region 2, with distance.
The opposite is observed for the [S ii] λλ6717,6731/Hα, [N ii]
λ6584/Hα and [O i] λ6300/Hα ratios.
In Figure 9 we show the BPT diagram comparing
[O iii]λ5007/Hβ versus [N ii] λ6584/Hα. In this figure, the solid
line (adapted from Osterbrock & Ferland 2006) shows the de-
marcation between H ii regions photoionized by massive stars
and regions dominated by other excitation sources. The dotted
line represents the same as the solid line but using the models
given by Kewley et al. (2001). Black dots correspond to the val-
ues of individual spaxels in Fig. 8. Red dots show the integrated
values of regions 1, 2 and 3, while the blue ones are several
low metallicity (12+log(O/H).7.6) SF regions from Izotov et
al. (2012). It can be seen from Fig. 9 that the data points of HS
2236+1344 occupy the left region of the BPT diagram, showing
smaller [N ii] λ6584/Hα ratios, while the [O iii] λ5007/Hβ ratio
increases. Therefore, the data points of HS 2236+1344 occupy
the same region of the diagram, the left part of the BPT diagram,
than other XMP galaxies found in the literature (Izotov et al.
2012).
Finally, we note that our integrated [O iii] λ5007/Hβ, [S ii]
λλ6717,6731/Hα, [N ii] λ6584/Hα and [O i] λ6300/Hα values
for HS 2236+1344 (Table 5) are consistent with the ones de-
Fig. 4. Recessional velocity of the Hα emission line in units of
km s−1. Contours display the Hα morphology of HS 2236+1344.
rived by Thuan & Izotov (2005) of 0.68, -1.65, -2.21 and -2.39,
respectively.
3.5. Chemical abundances
In order to determine the chemical abundance pattern in the ISM
of HS 2236+1344, we used the five level atomic model FIVEL
(De Robertis et al. 1987), implemented in the IRAF STSDAS
package nebular. We first calculated the electron temperature
Te(O iii) from the ratio [O iii] λλ4959,5007/[O iii] λ4363 and the
electron density from the ratio [S ii] λ6717/[S ii] λ6731. The lat-
ter is typically >1, which indicates a low electron density ne
(Osterbrock & Ferland 2006). Large [S ii] λ6717/[S ii] λ6731 ra-
tios were already observed in other studies (e.g., Lagos et al.
2009, Lo´pez-Herna´ndez et al. 2013, Krabbe et al. 2014). These
nonphysical values could be partly due to associated with uncer-
tainties in the measurements of these emission lines, due to the
placement of the continuum or, more likely, because the spec-
trum was not corrected for night sky absorption lines. Therefore,
intensities of [S ii] λ6717 and [S ii] λ6731 (Tables 3 and 4) lines
are, likely, affected by the night sky absorption. In any case,
we compare our results with the SDSS spectrum of the same
galaxy obtaining [S ii] λ6717/[S ii] λ6731 ∼1.6, which is about
20% larger than the value obtained by Thuan & Izotov (2005) of
1.31 (∼110 cm−3). Therefore, it is reasonable to assume a value
of 100 cm−3 for all apertures in our calculations.
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Table 6. Comparison of the chemical properties of regions 1 and 3.
Region 1 Region 3
Mean SDEVa | ∆b| Mean SDEV | ∆ |
O+/H+ (× 105) 0.36 0.06 0.19 0.23 0.05 0.15
O++/H+ (× 105) 2.83 0.31 0.90 3.37 1.09 3.16
12 + log (O/H) 7.50 0.04 0.11 7.54 0.14 0.41
N+/H+ (× 106) 0.09 0.02 0.06 0.05 0.02 0.05
12 + log (N/H) 5.90 0.19 0.46 5.86 0.19 0.63
log (N/O) -1.60 0.16 0.39 -1.68 0.10 0.38
a Standard deviation of the spaxels.
b Difference between minimum and maximum values.
The oxygen and nitrogen abundances were calculated as
O
H
=
O+
H+
+
O+2
H+
, (1)
and
N
H
= ICF(N) N
+
H+
, (2)
with the ionic abundances O+, O+2 and N+ obtained from the
nebular output file. Nitrogen abundances were calculated us-
ing an ionization correction factor (ICF) ICF(N)=(O++O+2)/O+.
We assumed that the Te(O ii) temperature is given by Te(O ii)
= 2/(T−1e (O iii)+0.8) (Pagel et al. 1992) and Te(O ii) = Te(N ii).
Since the [O ii] λ3727 doublet is not within the spectral range
of our data, we have to rely on published fluxes. We therefore
adopted ratios of F(O ii λ3727)/F(Hβ)=54.67 (Thuan & Izotov
2005) for the integrated spectrum, 40.33±0.69 for region 1 and
25.39±0.41 for regions 2 and 3 (Izotov & Thuan 2007), respec-
tively. The fluxes are relative to F(Hβ)=100. We checked our
results with an alternative method for deriving abundances in
which a constant F(O ii λ3727)/F(Hβ) value is assumed (Thuan
& Izotov 2005). We found that values derived using a constant
F(O ii λ3727)/F(Hβ) ratio yield oxygen abundances ∼0.03 dex
higher and nitrogen abundances ∼0.23 dex lower than the ones
obtained using the values of Izotov & Thuan (2007). In Fig. 10
we show the variation of the 12+log(O/H) abundance in the inte-
grated galaxy as a function of the adopted F([Oii] λ3727)/F(Hβ)
ratio. From this figure we can see that very small changes were
found by adopting the values by Thuan & Izotov (2005) and
Izotov & Thuan (2007), since the oxygen abundance do not
vary strongly with F(O ii λ3727)/F(Hβ) within the errors. So,
the adoption of [O ii] λ3727 fluxes from the literature introduces
only minor uncertainties in the analysis of 12+log(O/H), while
the N/O abundance ratio is highly uncertain.
In Table 5 we show the electron density, electron temperature
and abundances calculated for each one of the integrated aper-
tures considered in this work. Figure 11 (left panel) shows the
spatial distribution of the oxygen abundances in spaxels with de-
tected [O iii] λ4363 emission, and in the right panel of the same
figure we show the spatial distribution of log(N/O) calculated
using the oxygen and nitrogen maps in the spaxels with detected
[N ii] λ6584 emission.
The oxygen abundance in the galaxy varies from 7.31 to 7.72
(see Figure 11). The integrated and mean values are almost equal
for regions 1 and 3, with values of 12+log(O/H)=7.52±0.09 and
7.51±0.05, respectively. While, in region 2, we found an oxygen
abundance of 12+log(O/H)=7.38±0.08. The integrated abun-
dance 12+log(O/H)=7.53±0.06 determined here agrees, within
the errors, with the value reported by Thuan & Izotov (2005)
of 7.473±0.012. Our oxygen abundance determination for re-
gion 1, 2 and 3 agrees, within the errors, with the ones found
by Izotov & Thuan (2007) with 12+log(O/H)=7.450±0.012 and
7.562±0.013, for their regions 1 and 2, respectively. With re-
gard to the nitrogen abundance, we derive an integrated value of
12+log(N/H)=5.97±0.13, which is consistent, within the errors,
with the values in individual regions (5.93±0.18, 6.22±0.15 and
5.96±0.09, for regions 1, 2 and 3, respectively). The log(N/O)
ratio (Fig. 11) ranges from -1.85 to -1.39 with a mean value
of -1.60±0.16 and -1.68±0.10 in regions 1 and 3, respectively.
Finally, we found an integrated value of log(N/O)=-1.57±0.19
and log(N/O) = -1.59±0.27 and -1.55±0.14 for regions 1 and 3,
while the region 2 has a value of log(N/O)=-1.16±0.23, respec-
tively.
Figure 12 shows the radial distribution of the oxygen
abundance with respect to the peak of Hα emission in the
spaxels (red data points) where the [O iii] λ4363 emission
line was detected. We also include oxygen abundance deter-
minations based on empirical calibrations (black data points
in Figure 12) for spaxels where a reliable determination of
Te(O iii) was not possible. In this case, the O/H abundance
was derived by applying the relation between the line ratio of
[N ii]λ6584/Hα with the oxygen abundance from Denicolo´ et al.
(2002), i.e. 12+log(O/H)=9.12(±0.05)+0.73(±0.10)×N2, with
N2=log([N ii]λ6584/Hα). The average oxygen abundance based
on Te(O iii) was determined to be 12+log(O/H)=7.50 and 7.54
for regions 1 and 3, respectively, slightly above the value from
the Denicolo´’s relation (∼7.48), having a typical uncertainty of
0.18 dex. However, the values based on the empirical calibra-
tion are, in some cases, by ∼0.4 dex lower than those relying
on Te(O iii), at least in the peak of Hα emission. Therefore, this
empirical calibration method provides a useful mean value for
the oxygen abundance in the ISM but is less suited for a detailed
study of possible spatial variations (e.g., Lo´pez-Sa´nchez et al.
2011).
In Fig. 13 we show the relation between log(N/O) and
12+log(O/H), which includes the values of the three GH iiRs re-
solved in HS 2236+1344 (red points). In the same figure, the
black star indicates the integrated value of our analyzed galaxy.
The small black open dots correspond to values published by
Izotov et al. (2006b) for a large sample of SDSS starburst galax-
ies, while the blue data points are values from Izotov et al. (2012)
for a sample of XBCDs. It is interesting to note that the in-
tegrated N/O value of the galaxy is similar, within the errors,
to the ones obtained in regions 1, 2 and 3, and those of other
BCD galaxies of similar metallicity (see Fig. 13). Indeed, the
O/H and N/O abundances from the integrated spectrum is in ex-
cellent agreement, within the errors, with the mean value of the
spaxels for regions 1 and 3. Therefore, our results appear normal
for XBCDs, which are characterized by a plateau at log(N/O)∼-
1.6 (e.g., Edmunds & Pagel 1978, Alloin et al. 1979, Izotov &
Thuan 1999).
XBCDs are found to fall off the mass/luminosity – metallic-
ity relation compiled from literature data in Filho et al. (2013),
which is consistent with the presence of chemically unpolluted
gas in these systems. It is worth remarking in this context that
Sa´nchez almeida et al. (2014) studied, using long-slit spec-
troscopy, the oxygen abundance along the major axis of seven
SF galaxies, including HS 2236+1344. In that study, they find
that the latter shows a central metallicity decrease by ∼0.5 dex,
which they ascribe to accretion of metal-poor gas from the halo.
It is long known (e.g., Thuan et al. 2005) that the gas in the
halos of H ii/BCD galaxies is very metal poor, a fact making
infall and mixing with gas from the halo a plausible explana-
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Fig. 11. 12+log(O/H) abundance and log(N/O) ratio maps in spaxels with determined Te(O iii). Overlaid are the Hα flux contours.
Table 5. Ionic abundances and integrated properties of HS 2236+1344.
Integrated Region 1 Region 2 Region 3
Te(O iii) K 19442±443 19925±635 20665±584 19951±333
Ne(S ii) cm−3 ∼100 ∼100 ∼100 ∼100
O+/H+×105 0.51±0.02 0.37±0.02 0.22±0.01 0.21±0.01
O++/H+×105 2.92±0.20 2.97±0.28 2.18±0.17 3.05±0.15
O/H ×105 3.43±0.22 3.35±0.30 2.40±0.19 3.26±0.15
12+log(O/H) 7.53±0.06 7.52±0.09 7.38±0.08 7.51±0.05
N+/H+×106 0.14±0.01 0.09±0.01 0.15±0.01 0.06±0.01
ICF(N) 6.77±0.69 9.02±1.28 10.90±1.34 15.20±1.14
N/H ×106 0.93±0.12 0.86±0.15 1.65±0.26 0.92±0.08
12+log(N/H) 5.97±0.13 5.93±0.18 6.22±0.15 5.96±0.09
log(N/O) -1.57±0.19 -1.59±0.27 -1.16±0.23 -1.55±0.14
He ii λ4686/Hβ · · · · · · · · · 0.0122±0.0029
log([OIII]λ5007/Hβ) 0.70±0.03 0.73±0.02 0.63±0.03 0.74±0.05
log([NII] λ6584/Hα) -2.19±0.12 -2.34±0.12 -2.13±0.11 -2.54±0.06
log([S II]λλ6717,6731/Hα) -1.66±0.16 -1.77±0.14 -1.55±0.12 -2.11±0.12
log([OI] λ6300/Hα) -2.48±0.30 -2.46±0.18 -2.30±0.14 -2.75±0.08
tion for the reported local decrease in the metallicity of the ion-
ized gas phase. From the present data, however, given the un-
certainties associated with our determinations of O and N, we
consider these chemical species to be well mixed and homo-
geneously distributed over the ISM of the galaxy (e.g., Lagos
et al. 2009, 2012), albeit a slightly, and uncertain, decreased
oxygen abundance was found in the faintest GH iiR studied
(12+log(O/H)=7.38±0.08).
3.6. The surface brightness profile of HS 2236+1344
The surface brightness profile of HS 2236+1344 agrees with
the detection of an underlying more evolved stellar host with a
luminosity-weighted age of 0.5. . . 2 Gyr in most XBCDs studied
as yet (Papaderos et al. 2008), even though the estimated ages
will depend, besides the poorly constrained SFH, also on the
importance of radial stellar migration and the associated radial
mass filtering effect described in Papaderos et al. (2002).
From the SDSS g-band contour map in Fig. 14 it is appar-
ent that the three GH iiRs in HS 2236+1344 are hosted by a
more extended underlying LSB component with a moderately
smooth morphology. This LSB host dominates the light for sur-
face brightness levels µg >∼ 24 mag arcsec−2 and can be studied
using SDSS data down to µg ≃ 25.5 mag arcsec−2. The surface
brightness profiles of the XBCD in g, r and i (Fig. 15, upper
panel) were derived with method iv by Papaderos et al. (2002)
(also referred to as LAZY by Noeske et al. 2006). They show the
typically complex radial intensity distribution of BCDs/XBCDs
which is characterized by an outer exponential component, cor-
responding to the LSB host, and a steep luminosity increase at
smaller radii that is due to the young stellar population and neb-
ular emission in the starburst component (e.g., Papaderos et al.
1996a; hereafter P96a). A fit to the g band profile for R⋆ ≥5′′,
i.e. beyond the transition radius (P96a), where color profiles of
BCDs level off to a nearly constant value, yields an exponen-
tial scale length of 1.′′7±0.′′1 (≃660±40 pc) and a total abso-
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lute magnitude of –15.3 mag for the LSB host. The latter con-
tributes only about 15% of the total luminosity, i.e. significantly
less than the average value for normal-metallicity BCDs (∼50%;
Papaderos et al. 1996b). With regard to its effective radius reff
of 2.′′2 (≃860 pc), HS 2236+1344 does not appear exceptional
among BCDs/XBCDs.
The very blue g–i color (–1.4 mag . . . –0.3 mag) of the galaxy
in its central part (out to ∼1.5reff) is only reproducible by a
strong nebular emission contribution in the visual passband by
the [O iii] λλ4959,5007 forbidden lines (Papaderos et al. 1998).
This is in good agreement with the large measured Hβ EWs (230
. . . 300 Å; Table 4) and previous spectroscopic and evolutionary
synthesis studies by Guseva et al. (2007) which clearly reveal a
strong nebular continuum contribution in the region around the
Balmer jump.
The mean g–i color in the LSB component of HS 2236+1344
(of ∼ 0.5 mag; Fig. 15, lower panel) corresponds to an age be-
tween ∼1 and ∼3.3 Gyr for a SFH approximated, respectively,
by an instantaneous burst and an exponentially decreasing star
formation rate (SFR) with an e-folding time of 1 Gyr (cf, e.g.
Fig. 6 of Papaderos et al. 2008). Judging from our IFU data, ex-
tended ionized gas emission, in this galaxy, does not dominate
in the LSB periphery of HS 2236+1344, contrary to the case of
I Zw 18 (Papaderos et al. 2002, Papaderos & ¨Ostlin 2012), thus
the broadband colours of the LSB need not be corrected for this
effect.
If the exponential LSB host of BCDs/XBCDs forms in an
inside-out manner through radial migration of stars, then the as-
sociated stellar mass filtering effect (Papaderos et al. 2002) will
result into a stellar age overestimate, if colors are interpreted in
terms of extended SFHs. In fact, a consequence of galaxy build-
up through stellar migration is that instantaneous star formation
models yield a better approximation to the true stellar age of
the LSB host than the usually adopted continuous star forma-
tion SFH models (see for an update and a further discussion
Papaderos & ¨Ostlin 2012).
3.7. Star formation and the age of the current burst in HS
2236+1344
The Hα flux in Table 3 translate by the adopted distance and
the Kennicutt (1998) conversion formula after correction for a
Kroupa IMF (Calzetti et al. 2007), SFR(M⊙ yr−1) = 5.3 × 10−42
L(Hα) ergs s−1, to an integrated SFR of 0.587 M⊙ yr−1. The
SFRs in regions 1, 2 and 3 are estimated to be ≃ 0.075, 0.124 and
0.216 M⊙ yr−1, respectively. The corresponding SFR per unit of
area (ΣS FR) is then ∼0.629, ∼0.695 and ∼1.810 M⊙ yr−1 kpc−2,
by some factors larger than the integrated value for the galaxy
(∼0.145 M⊙ yr−1 kpc−2). Note that the ΣS FR in individual regions
are comparable with values determined for higher-metallicity
starburst galaxies (>0.1 M⊙ yr−1 kpc−2; Daddi et al. 2010) and
larger than typical values for normal spirals (ΣS FR <0.1 M⊙ yr−1
kpc−2; Kennicutt 1998). The integrated ΣS FR in HS 2236+1344
is also larger than the ones found in other BCD galaxies, such as
Mrk 36 and UM 461 0.039 and 0.052 M⊙ yr−1 kpc−2 (Lagos et
al. 2011), respectively, and local cometary/tadpole SF galaxies
(∼0.01 M⊙ yr−1 kpc−2; Elmegreen et al. 2012), yet comparable
with the SFR in 30 Doradus (0.36 M⊙ yr−1 kpc−2; Chen et al.
2005).
Following common practice, an estimate on the starburst age
in HS 2236+1344 can be obtained from comparison of the ob-
served EW(Hα) and EW(Hβ) distribution with predictions from
zero-dimensional evolutionary synthesis models. For this, we
use Starburst99 models (Leitherer et al. 1999) for a metallic-
ity Z=0.004, Geneva evolutionary stellar tracks, and a Kroupa
initial mass function (∝M−1) with α=1.3 for stellar masses be-
tween 0.1 to 0.5M⊙ and α=2.3 between 0.5 and 100M⊙. For the
SFH we consider the limiting cases of a single burst and con-
tinuous star formation with a constant SFR of 0.075 and 0.170
M⊙yr−1 for regions 1 and 2+3, respectively. The stellar age, in
the FoV, obtained from Starburst99 models for these two SFHs
(Fig. 16) is very low (∼3 . . . ∼6 Myr) for the instantaneous burst
model, and between ∼4 and ∼100 Myr for continuous star for-
mation. We note that the assumed metallicity (Z=0.004) does not
significantly affect the derived age, given that we obtain nearly
the same age pattern when we assume a metallicity of Z=0.001.
Figure 16 suggests that regions 1 and 2+3 were formed al-
most coevally some 3 Myr ago, assuming an instantaneous burst,
whereas their surroundings and the arm-like features appear to
be slightly older. It should be born in mind that the EW max-
imum of nebular emission lines in starburst galaxies does not
necessarily spatially coincide with the location of ionizing YSCs
(e.g., Papaderos et al. 1998, 2002, Guseva et al. 2004, Lagos et
al. 2007, Papaderos & ¨Ostlin 2012), consequently EW maps are
not always convertible into stellar age maps via standard evolu-
tionary synthesis models (e.g., Starburst99). The unknown SFH
is another important source of uncertainty in converting Hα lu-
minosities into SFRs for starburst galaxies (e.g., Weilbacher &
Fritze von Alvensleben 2001), just like the fraction of ioniz-
ing Lyman continuum photons leaking out of SF regions and
galaxies (e.g., see also Guseva et al. 2007, Relan˜o et al. 2012,
Papaderos et al. 2013, Bergvall et al. 2013). Therefore, the esti-
mates above are indicative only, and are merely provided for the
sake of comparison with other studies of local SF galaxies.
We re-iterate that several studies point to similar physical
conditions across the ISM of XBCD (P12), H ii/BCDs (e.g.,
UM 408, and Tol 0104-388 and Tol 2146-391; Lagos et al.
2009, 2012) and to nearly coeval SF activity in these systems
on spatial scales of ∼1 kpc (e.g., Lagos et al. 2011). Whereas
most low-luminosity BCDs show a smooth morphology in their
LSB host, luminous (MB <∼ −19 mag) ones often show tidal dis-
tortions on deep images (e.g., Bergvall & ¨Ostlin 2002, Lagos
et al. 2007), suggesting strong interactions or merging as the pri-
mary triggering agent of their starburst activity (e.g., Taylor et al.
1995, Pustilnik et al. 2001a, Brosch et al. 2004, Ekta et al. 2008).
If SF activity in HS 2236+1344 is due to a recent or ongoing
merger, as suggested by Moiseev et al. (2010), a flatter metal-
licity distribution may be evolve through transport and mixing
of metals (e.g., Rupke et al. 2010, Montuori et al. 2010) follow-
ing tidal tail formation. Thus far, in most studies on chemical
abundances in SF dwarf galaxies (e.g., Lee & Skillman 2004,
Kehrig 2008, Lagos et al. 2009, 2012) there are no clear evi-
dences of abundance variations. Therefore, the overall chemical
homogeneity of the warm ISM in HS 2236+1344 suggests an ef-
ficient dispersal and mixing of heavy elements. In any case, we
emphasize that given the uncertainties, in this study, we must
consider the abundances across the galaxy as fairly homoge-
neous. On the other hand, the estimated age of the GH iiRs,
found in this galaxy, suggests that the current, large-scale, burst
started recently and likely simultaneously. Therefore, the trig-
gering mechanism (i.e., minor interactions or infall of gas from
the halo) may be related to the overall physical conditions of the
ISM, particularly the gas surface density, in conjunction with
small stochastic effects.
Clearly, detailed studies of the ISM with IFU spectroscopy
(see, e.g., Lagos & Papaderos 2013) have the potential of greatly
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Fig. 16. Age distribution in Myr obtained by direct conversion of EW(Hα) and EW(Hβ) maps into stellar ages using Starburst99
model predictions for an instantaneous burst (left panel) and continuous SF (right panel). Overlaid are the Hα flux contours.
improving our understanding of the evolution of chemical abun-
dance patterns and star formation in H ii/BCD galaxies.
4. Summary
Our spatially resolved study of the warm ISM in the XBCD
galaxy HS 2236+1344 by means of IFU spectroscopy yields the
following conclusions:
1. HS 2236+1344 contains three GH iiRs with an Hα luminos-
ity in the range ∼ 1 . . . 4× 1040 erg/s. The high-angular res-
olution acquisition image of the galaxy additionally shows
some faint arm-like structures in the close vicinity of the
northern and southern GH iiR, which might be of tidal origin
or due to expanding gas shells. The structure of the ionized
gas, as traced both by the emission lines and the continuum
are fairly similar.
2. The Hα velocity field vr(Hα) of the galaxy shows a smooth
gradient along its major axis, with a difference of about 80
km s−1 between its receding northwestern and approaching
southeastern half. The observed velocity range is comparable
to values determined for other BCDs (e.g., van Zee et al.
2001).
3. A comparison of EW(Hα) and EW(Hβ) maps with predic-
tions from the evolutionary synthesis code Starburst99 sug-
gests that the three GH iiRs in HS 2236+1344 were formed
almost coevally less than ∼3 Myr ago. The estimated SFR
surface density of ΣS FRint ∼0.2 M⊙ yr−1 kpc−2 is larger than
the ones found in other low-luminosity H ii/BCD galaxies
(Lagos et al. 2011) and local cometary/tadpole SF galaxies
(Elmegreen et al. 2012). Surface brightness profiles, derived
from SDSS data, reveal a compact underlying stellar host,
which presumably indicates that HS 2236+1344 has under-
gone previous SF activity, as was found to be the case in most
XMP BCDs studied as yet (e.g., Papaderos et al. 2008).
4. The high-ionization He ii λ4686 emission line is detected in
HS 2236+1344. Similar to many BCDs with He ii λ4686
emission, HS 2236+1344 shows no WR bump. The spatial
distribution of this high-ionization emission, observed in this
study, suggests that H ii λ4686 in HS 2236+1344 is associ-
ated with the current burst of star formation.
5. We calculated the spatial distribution of oxygen and ni-
trogen, and their ratio, based on spaxels with reliable
Te(O iii) determinations. The oxygen abundance in the three
resolved GH iiRs is consistent, within uncertainties, with
the integrated value of 12+log(O/H)=7.53±0.06, suggest-
ing a nearly constant metallicity across the ISM of HS
2236+1344. With regard to the nitrogen-to-oxygen abun-
dance ratio, we derive a value of log(O/N)=-1.57±0.19 for
the integrated spectrum, in good agreement with N/O de-
terminations for other XBCDs (log(N/O)≃-1.6). The overall
chemical homogeneity of the warm ISM in HS 2236+1344
suggests, in line with previous studies, an efficient disper-
sal and mixing of heavy elements in the lowest-metallicity
H ii/BCD galaxies.
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Fig. 5. Hα emission line profiles of regions 1, 2 and 3, respec-
tively. Note the presence of broad emission (red line) in region
3.
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Fig. 6. Integrated spectrum of HS 2236+1344 between 4600 Å
to 4900 Å with the He ii λ4686 and Hβ emission lines labeled.
Fig. 7. Spectral region between 4600 Å to 4800 Å that includes
the He ii λ4686 emission line in a rectangular area of the galaxy
that contains regions 2 and 3. Each square represents the area
covered by an individual spaxel in that region. The He ii emission
line in each spectrum is indicated by the dotted line. The dark
square corresponds to the Hα peak.
Fig. 8. Emission line ratios: log [O iii]λ5007/Hβ, log
[S ii]λλ6717,6731/Hα, log [N ii]λ6584/Hα and [O i]λ6300/Hα.
Overlaid are the Hα flux contours.
Fig. 9. log [O iii]λ5007/Hβ versus log [N ii]λ6584/Hα BPT dia-
gram. The solid curves show the empirical borders between pho-
toionization by massive stars and other excitation mechanisms
(Osterbrock & Ferland 2006), while the dotted lines show the
demarcation proposed by Kewley et al. (2001). Black dots cor-
respond to individual spaxels in Fig. 8. The values for region 1,
2 and 3 of HS 2236+1344 are indicated in the diagram by red
points. Blue data points show values obtained by Izotov et al.
(2012).
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Fig. 10. Variation of the 12+log(O/H) abundance in the in-
tegrated galaxy (black data points) as a function of the
adopted F([Oii] λ3727)/F(Hβ) ratio. The fluxes are relative to
F(Hβ)=100. The continuum lines corresponds to the integrated
values of 7.53 and the dotted lines show the uncertainties asso-
ciated with these values. More details are in the text.
Fig. 12. 12+log(O/H) radial distribution in HS 2236+1344. Red
circles correspond to the data points obtained using the Te(O iii)
and black circles to data points obtained using the Denicolo´ et
al. (2002) calibration. The mean error is shown in the lower of
the figure.
Fig. 13. log(N/O) vs. 12+log(O/H) abundances. The values of
the three GH iiRs resolved in HS 2236+1344 are plotted by red
points. The black star corresponds with the integrated value of
the galaxy. While the small black open dots corresponds with
values found by Izotov et al. (2006b) for a large sample of SDSS
starburst galaxies and blue symbols show data from Izotov et al.
(2012).
Fig. 14. SDSS g band image of HS 2236+1344 with overlaid
contours between 20 and 25.5 g mag arcsec−2 in steps of 0.5
mag. The three GH iiRs in the XBCD are labeled.
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Fig. 15. SDSS g, r and i band surface brightness profiles (up-
per panel) and g–i and r–i color profiles (lower panel) of HS
2236+1344.
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